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Description 

[0001] The present invention relates to a crosslinked solid polymer electrolyte which is suitable as a material for 
electrochemical devices such as battery, capacitor, sensor, condenser and EC (electrochromic) device, and a photo- 

s electric transfer device. 

[0002] As an electrolyte constituting an electrochemical device such as a battery, a capacitor and a sensor, those in 
the form of a solution or a paste have hitherto been used in view of the ionic conductivity. However, the following 
problems are pointed out. That is, there is a fear of damage of an apparatus arising due to liquid leakage, the mounting 
and processability of the device are problematic, and subminiaturization and thinning of the device are limited because 

10 a separator to be impregnated with an electrolyte solution is required. To the contrary, a solid electrolyte such as 
inorganic crystalline substance, inorganic glass and organic polymer substance is suggested. The organic polymer 
substance is generally superior in processability and moldabitity and the resultant solid electrolyte has good flexibility 
and bending processability and, furthermore, the design freedom of the device to be applied is high and, therefore, the 
development thereof is expected. However, the organic polymer substance is inferior in ionic conductivity to other 

'5 materials at present. 

[0003] For example, an attempt that an ethylene oxide-propylene oxide copolymer containing a specific alkali metal 
salt is utilized as an ion conductive solid electrolyte has already been proposed (JP-A-61-83249, 63-136407 and 
2-24975). However, a polymeric substance having more improved ionic conductivity and mechanical properties is still 
desired. 

20 [0004] It is an object of the present invention to provide a solid polymer electrolyte which has sufficient mechanical 
strength and flexibility such that conduction is improved and breakage of elements can be prevented, in order to achieve 
more prevalent application of a solid polymer electrolyte to electrochemical devices. 

[0005] This object could be achieved on the basis of the finding that a solid electrolyte having an excellent ionic 
conductivity and showing little plastic deformation or fluidity even at a high temperature can be obtained by using a 
25 multi-component copolymer in which propylene oxide and ethylene oxide are combined with a further crosslinkable 
oxirane compound and blending this multi-component copolymer with an electrolyte salt compound before or after the 
crosslinking. 

[0006] The present invention is derived from a poly ether copolymer having a weight-average molecular weight of 
10 5 to 10 7 , which copolymer comprises: (A) 3 to 30 % by mol of repeating units derived from propylene oxide; (B) 96 
30 to 69 % by mol of repeating units derived from ethylene oxide; and (C) 0.01 to 15 % by mol of repeating units derived 
from a monomer having one epoxy group and at least one reactive functional group represented by formula (111-1 ) and/ 
or formula (III-2): 



35 



40 



45 



50 



CH 2 -CH-R 1 

\ / 

o (m-i) 



CrVCH-R 2 
/ 2 \ (III-2) 
CH 2 /Chb 



CH-CH 
V 

wherein R 1 and R 2 are groups each having a reactive functional group. 

[0007] The present invention provides a crosslinked solid polymer electrolyte comprising: (I) a crosslinked material 
of said polyether copolymer; (II) an electrolyte salt compound; and (III) a plasticizer, which may be added if necessary, 
selected from an aprotic organic solvent, a derivative or metal salt of linear or branched polyalkylene glycol, and a 
metal salt of said derivative, where said crosslinked material being produced by utilising reactivity of cross-linkable 
components of said polyether copolymer. 

[0008] The present invention also provides a battery comprising said solid pofymer electrolyte. 
[0009] The copolymer of the present invention has: 



2 
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(A) repeating unite derived from propylene oxide; 



5 — f CHz-CH-O)— (T) 

CH 3 

10 (B) repeating units derived from ethylene oxide; and 

— hCH 2 -CH 2 -0->- (IT) 

15 

(C)repeating units derived from a monomer represented by formula (lll-l) or formula (UI-2): 

— ^CHr-CH-O)— 



20 



45 



50 



55 



R 1 



(ffl'-l) 



25 and/or 



Chfe-CH-R 2 

ch 2 )ch 2 (nr.2) 

— ^CH-CH-O^- 

35 wherein R 1 and R 2 are groups each having a reactive functional group. 

[0010] The crosslinked material of polyether polymer shows excellent shape stability at a high temperature. 
[0011] When a plasticizer is mixed into a solid polymer electrolyte, the crystallization of the polymer is suppressed 
and the glass transition temperature is lowered, achieving a larger magnitude of formation of amorphous phase at a 
relatively low temperature and thus a higher ion conduction rate. It has been discovered that, when the crosslinked 

40 solid polymer electrolyte of the present invention is used, a high-performance battery having a small internal resistance 
can be obtained. The crosslinked solid polymer electrolyte of the present invention may be a gel. The "gel" means a 
polymer which has swollen due to absorption of a solvent. 

[0012] The polymerization method for obtaining the polyether multi-component copolymer (referred to as the "poly- 
ether copolymer" hereinafter) used in the present invention is a polymerization method in which a copolymer is obtained 
by a ring-opening reaction in the ethylene oxide portion. An example of a polymerization method in which a copolymer 
is obtained by a ring-opening reaction in the ethylene oxide portion is described in JP-A-62- 169823, and JP-A- 
7-324129. 

[0013] Specifically, the polyether copolymer used in the present invention can be obtained by reacting (A) propylene 
oxide, (B) ethylene oxide and (C) the crosslinkably reactive monomer with each other under the presence or absence 
of a solvent at a reaction temperature of 10 to 80°C with stirring, using as a ring-opening polymerization catalyst, e.g. 
a catalyst system mainly containing organic aluminum, a catalyst system mainly containing organic zinc or a catalyst 
system containing organ otin-phosphoric ester condensates. 

[0014] Particularly, in case where an oxirane compound having an epoxy group at only both ends is used/when 
using the organotin-phosphoric ester condensate catalyst, only an epoxy group which does not contain a substituent, 
i.e. methyl group is used in the polymerization reaction and, therefore, an epoxy group having a methyl group remains 
in the polymer without being reacted. The organotin-phosphoric ester condensate catalyst is particularly preferable in 
view of the polymerization degree and properties of the resultant copolymer. 

[0015] As the polyether copolymer of the present invention used as a raw material for a crosslinked material, those 



3 
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comprising 3 to 30 % by mol of the repeating unit (A), 96 to 69 % by mol of the repeating unit (B) and 0.01 to 15 % by 
mol of the repeating unit (C) are used. Those comprising 5 to 25 % by mol, particularly 10 to 20 % by mol, of the 
repeating unit (A), 94 to 74 % by mol, particularly 89 to 79 % by mol, of the repeating unit (B) and 0.01 to 10 % by mol, 
-particularly 0.05 to 8 % by mol, of the repeating unit (C) are preferred. 
5 [0016] When the content of the repeating unit (B) exceeds 96 % by mol, crystallization of the oxyethyiene chain 
arises and diffusion transfer of carrier ions is lowered, which results in drastic deterioration of the ionic conductivity of 
the solid electrolyte. When the content of the repeating unit (B) is smaller than 69 % by mol, dissociation capability of 
the salt is lowered, which results in deterioration of the ionic conductivity. 

[0017] It is generally known that the ionic conductivity is improved by decrease in the crystallizabiJity of polyethylene 
10 oxide and decrease in glass transition temperature. It has been found that the effect for improvement of the ionic 
conductivity is remarkably large by an optimum balance of the monomeric composition of the polyether copolymer of 
the present invention. 

[0018] When the molar ratio of the crosslinking monomer component (monomer capable of forming the repeating 
unit (C)) is larger than 1 5 % by mol, the ionic conductivity is drastically lowered and the flexibility of a film is lost, thereby 
15 causing problems in processability and moldability. 

[0019] The polyether copolymer used in the present invention may be any of a block copolymer and a random co- 
polymer. The random copolymer is preferred because of its large effect of lowering the crystallizability of polyethylene 
oxide. 

[0020] Regarding the molecular weight of the polyether copolymer, the weight-average molecular weight is within a 
20 range from 10 5 to 10 7 , and preferably from 5 x 10 5 to 5 x 10 6 , so as to obtain excellent processability, moldability, 
mechanical strength and flexibility. When the weight-average molecular weight is smaller than 10 5 , it is necessary to 
increase the crosslink density to maintain the mechanical strength and to prevent flow at high temperature and, there- 
fore, the ionic conductivity of the resultant electrolyte is lowered. On the other hand, when it exceeds 10 7 , problems 
arise in processability and moldability. 
25 [0021] The repeating unit (A) is derived from propylene oxide. The repeating unit (B) is derived from ethylene oxide. 
The repeating unit (C) is derived from a monomer which has an epoxy group and a reactive functional group represented 
by the formula (111-1 ) or the formula (IH-2). 

[0022] The reactive functional group of the repeating unit (C) is preferably (a) an ethylenically unsaturated group, 
(b) a reactive silicon group, (c) an epoxy group or (d) a halogen atom. 
30 [0023] The monomer having the ethylenically unsaturated group is preferably an oxirane compound represented by 
the formula (lll-a): 



35 CH 2 -CH-R 3 (m-a) 

o 

wherein R 3 is a group having an ethylenically unsaturated group. 

40 [0024] As the ethylenically unsaturated group-containing oxirane compound, there can e.g. be used allyl glycidyl 
ether, 4-vinylcyclohexyl glycidyl ether, a-terpinyl glycidyl ether, cyclohexenylmethyl glycidyl ether, p-vinylbenzyl glycidyl 
ether, allylphenyl glycidyl ether, vinyl glycidyl ether, 3, 4-epoxy-1-butene, 3, 4-epoxy-1-pentene, 4, 5-epoxy-2-pentene, 
1 , 2-epoxy-5, 9-cyclododecadiene, 3, 4-epoxy-1 -vinylcyclohexene, 1 , 2-epoxy-5-cyciooctene, glycidyl acrylate, glycidyl 
methacrylate, glycidyl sorbate, glycidyl cinnamate, glycidyl crotonate and glycidyl-4-hexenoate. Preferable examples 

45 thereof include allyl glycidyl ether, glycidyl acrylate and glycidyl methacrylate. 

[0025] The monomer having a reactive silicon group, which constitutes the repeating unit (C), is preferably an oxirane 
compound represented by the formula (lll-b-1): 



50 



55 



CH 2 -CH-R 4 (fflbl) 
O 



wherein R 4 is a reactive silicon-containing group, 



or the formula (lll-b-2): 
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CH 2 -CH-R 

\ / * 
CH-CH 



(IH-b-2) 



wherein R 5 is a reactive silicon-containing group. 

[0026] The reactive silicon group-containing oxirane compound represented by the formula (lll-b-1) is preferably a 
compound represented by the formula (lll-b-1 -1) or (lll-b-1 -2). 



R 6 

CH 2 -CH-CH 2 -0-(CH 2 ) m -Si-R 7 (m-b-1-1) 



O R s 



CH 27 CH-(CH 2 ) m -Si-R 7 ' (m-b-1-2) 



\V 



R 8 



[0027] The reactive silicon group-containing monomer represented by the formula (lll-b-2) is preferably a compound 
represented by the formula (lll-b-2-1). 

R 6 

^HrCH-fCH^-Si-R 7 (m-b-2-1) 
CH 2 pit R 8 
CH-CH 
V 

[0028] In the formulas (IH-b-1-1), (lll-b-1-2) and (ill-b-2-1), R«, R 7 and R 8 may be the same or different, but at least 
one of them represents an alkoxy group and the remainder represent an alkyl group; and m represents 1 to 6. 
[0029] Examples of the monomer represented by the formula (lll-b-1-1) include 2-glycidoxyethyltrimethoxysiiane, 
3-glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropyltrimethoxysilane, 4-glycidoxybutylmethyldimethoxysilane 
and 4-glycidoxybutyltrimethoxysilane. 

[0030] Examples of the monomer represented by the formula (lll-b-1-2) include 3-(1 , 2-epoxy) propyltrimethoxysi- 
lane, 3- (1 , 2-epoxy) propylmethyldimethoxysilane, 3-(1 , 2-epoxy) propyldimethylmethoxysilane, 4-(1 , 2-epoxy) butylt- 
rimethoxysilane, 4-(1, 2-epoxy) butylmethyldimethoxystlane, 5-(1, 2-epoxy) pentyltrimethoxysilane, 5-(1, 2-epoxy) 
pentylmethyldimethoxysilane, 6-(1, 2-epoxy) hexyrtrimethoxysilane and 6-(1 , 2-epoxy) hexylmethyldimethoxysilane. 
[0031] Examples of the monomer represented by the formula (lll-b-2-1) include 1-(3, 4-epoxycyciohexyl) methyltri- 
methoxysilane, 1-(3, 4-epoxycyclohexyl) methylmethyl-dimethoxysilane, 2-(3, 4-epoxycyclohexyl) ethyltrimethoxysi- 
lane, 2-(3, 4-epoxycyclohexyl) ethylmethyldimethoxysilane, 3-(3,4-epoxycyclohexyl) propyltrimethoxysilane, 3-(3, 
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4-epoxycyclohexyl)propyimethyldimethoxysilane, 4-(3, 4-epoxycyclohexyl) butyltrimethoxysilane and 4-(3, 4-epoxycy- 
clohexyl) butyl methyldimethoxysilane. 

[0032] Among them, 3-glycidoxypropyrtrimethoxysilane, 3-glycidoxypropylmethyldimethoxysilane and 4-(1 , 2-epoxy) 
butyltrimethoxysilane are particularly preferable. 

[0033] The monomer having the epoxy group as the reactive functional group, which constitutes the repeating unit 
(C), is preferably an oxirane compound having an epoxy group at both ends represented by the formula (lll-c): 



CH 



: 3 

CH 2 -CH-R 9 -CH-CH 2 (JR ^ 

\ / \/ 

O O 

wherein R 9 is a divalent organic group. R 9 is preferably an organic group comprising elements selected from hydrogen, 
carbon and oxygen. 

[0034] It is preferable that the group R 9 in the formula (lll-c) is 

-CH 2 -0-(CHA 1 -CHA 2 -0) p -CH 2 -, 



-<CH 2 ) p -, 



or 



-CH 2 0-Ph-OCH 2 - 

wherein A 1 and A 2 represent hydrogen or a methyl group; Ph represents a phenylene group; and p represents a numeral 
of 0 to 12. 

[0035] The monomer having two epoxy groups at both ends is preferably a compound represented by the following 
formula (lll-c-1 ), (lll-c-2) or (lll-c-3): 

CH 3 



CH 27 CH^H 2 -04CHA 1 ^CHA 2 -0^-CH 2 -CH-CH 2 

\y p 2 \ / 2 

° o 



(m-c-i) 



CH 3 

CH 2 -CH-(CH 2 )pC^CH 2 
O O 



(in-c-2) 



6 
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9-CH2CH-CH2 

o 




\ 

0~CH 2 -C— CH 2 
O 



[0036] In the above formulas (lll-c-1), (III-c-2) and (lll-c-3), A 1 and A* represent hydrogen or a methyl group; and p 
represents a numeral of 0 to 12. 

[0037] Examples of the monomer represented by the formula (lll-c-1 ) include 2, 3-epoxypropyl-2\ 3'-epoxy-2'-m ethyl 
propyl ether, ethylene glycol-2, 3-epoxypropyl-2\ S'-epoxy-^-methyl propyl ether, and dlethylene glycol-2, 3-epoxypro- 
pyl-2', S'-epoxy^'-methyl propyl ether. Examples of the monomer represented by the formula (lll-c-2) include 2-methyl- 
1 ( 2, 3, 4-diepoxybutane, 2-methyM, 2, 4, 5-diepoxypenatane, and 2-methyl-1, 2, 5, 6-diepoxyhexane. Examples of 
the monomer represented by the formula (lll-c-3) include hydroquinone-2, 3-epoxypropyl-2\ S'-epoxy^'-methyl propyl 
ether, and catechol-2, 3-epoxypropyl-2*, 3 , -epoxy-2*-methyl propyl ether. 

[0038] Among them, 2, 3-epoxypropyl-2*, 3'-epoxy-2'-methyl propyl ether and ethylene glycol-2, 3-epoxypropyl-2\ 
3'-epoxy-2'-methyl propyl ether are particularly preferable. 

[0039] The monomer having a halogen atom is preferably an oxirane compound represented by formula (lll-d): 



CH 2 -CH-R 10 (ni-d) 

o 



wherein R 10 is a group having a halogen atom. 

[0040] The oxirane compound having a halogen atom includes epichlorbhydrin, epibromohydrin and epiiodohydrin. 
[0041] In the crosslinking method of the copolymer wherein the reactive functional group is an ethylenically unsatu- 
rated group, a radical initiator selected from an organic peroxide and an azo compound, or active energy ray such as 
ultraviolet ray and electron ray can be used; It is also possible to use a crosslinking agent having a silicon hydride. 
[0042] As the organic peroxide, there can be used those which are normally used in the crosslinking, such as a 
ketone peroxide, a peroxy ketai, a hydroperoxide, a dialkyl peroxide, a diacyl peroxide and a peroxy ester. Specific 
examples of the organic peroxide include 1,1-bis(t-butylperoxy)-3, 3, 5-trimethylcyclohexane, di-t-butyl peroxide, t- 
butylcumyl peroxide, dicumyl peroxide, 2, 5-dimethyl-2, 5-di(t-butyIperoxy)hexane and benzoylperoxide. The amount 
of the organic peroxide varies depending on the type of the organic peroxide, but it is normally within the range from 
0.1 to 10 % by weight based on the whole composition constituting the solid polymer electrolyte and excluding the 
plasticizer. 

[0043] As the azo compound, there can be used those which are normally used in the crosslinking, such as an 
azonitrile compound, an azoamide compound and an azoamidine compound. Specific examples of the azo compound 
include 2,2 , -azobisisobutyronitrile, 2,2'-azobis(2-methylbutyronitrile), 2, 2 , -azobis(4-methoxy-2, 4-dimethylvaieroni- 
trile), 2, 2-azobis(2-methyl-N-phenylpropionamidine) dihydrochloride, 2, 2'-azobis[2-(2-imidazolin-2-yl) propane], 2, 2 1 - 
azobis[2-methyl-N-(2-hydroxyethyl) propionamide], 2, 2'-azobis(2-methylpropane) and 2,2'-azobis [2-(hydroxymethyl) 
propionitrilej. The amount of the azo compound varies depending on the type of the azo compound, but is normally 
within the range from 0.1 to 1 0% by weight based on the whole composition constituting the polymer solid electrolyte 
and excluding the plasticizer. 

[0044] Particularly preferable examples of the monomer suitable for the crosslinking by active energy ray such as 
ultraviolet ray include glycidyl acrylate ester, glycidyl methacrylate ester and glycidylcinnamate ester. Furthermore, as 
the auxiliary sensitizer, there can be optionally used acetophenones such as diethoxyacetophenone, 2-hydroxy-2-me- 
thyl-1-phenylpropan-1-one and phenylketone; benzoin ethers such as benzoin and benzoin methyl ether; benzophe- 
nones such as benzophenone and 4-phenylbenzophenone; thioxanthones such as 2-isopropylthioxanthone and 2, 
4-dimethylthioxanthone; and azides such as azidopyrene, 3-suIfonylazidobenzoic acid and 4-sulfonylazidobenzoic ac- 
id. 

[0045] As a crosslinking aid, there can be optionally used ethylene glycol diacrylate, ethylene glycol dimethacrylate, 
oligoethylene glycol diacrylate, oligoethylene glycol dimethacrylate, allyl methacrylate, ally! acrylate, diallyl maleatej 
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trialfyl isocyanurate, maleimide, phenylmateimide and maleic anhydride. 

[0046] As a crosslinking agent having a silicon hydride group, which is used for crosslinking the ethylenically unsatu- 
rated group, a compound having at least two silicon hydride groups can be used. Particularly, a polysiloxane compound 
or a polysilane compound is preferable. 

[0047] Examples of the polysiloxane compound include a linear polysiloxane compound represented by the formula 
(a-1) or (a-2), or a cyclic polysiloxane compound represented by the formula (a-3). 



R 11 R 14 R 16 R 17 

R 12 -Si-04-Si-0^4-Si-OV^'- R18 (a-1) 
R 13 R 15 H R 19 



R 11 R 13 R 15 , 

H-Si-O-f-Si-O-hr-Si-H (a-2) 

>12 1 14 q 'is 
R R R 



H 

i— fO-Si-)- 



R 11 
R 12 

R 13 



(a-3) 



[0048] In the formulas (a-1) to (a-3), R 11 , R 12 , R 13 , R 14 , R 15 , R 16 , R 17 , R 18 and R 19 respectively represent a hydrogen 
atom or an alkyl or alkoxy group having 1 to 12 carbon atoms; and q and r are an integer provided that r22,q^0,2 
< q + r < 300. As the alkyl group, a lower alkyl group such as a methyl group and an ethyl group is preferable. As the 
alkoxy group, a lower alkoxy group such as a methoxy group and an ethoxy group is preferable. 
[0049] As the polysilane compound, a linear polysilane compound represented by the formula (b-1) can be used. 



>20 



H 

I 



R 2 M-Si-b-<-SiVR 24 

l S I * 



(b-1) 



>22 



>23 



[0050] In the formula (b-1 ), R 20 , R 21 , R 22 , R 23 and R 24 respectively represent a hydrogen atom or an alkyl or alkoxy 
group having 1 to 12 carbon atoms; and s and t are an integer provided that t > 2, s £ 0, 2<s + t£ 100. 
[0051] Examples of the catalyst of the hydrosilylation reaction include transition metals such as palladium and plat- 
inum or a compound or complex thereof. Furthermore, peroxide, amine and phosphine can also be used. The most 
popular catalyst includes dichlorobis(acetonitrile)paIladium(li), chlorotris(triphenyl-phosphine)rhodium(l) and chloro- 
platinic acid. 

[0052] In the crosslinking method of the copolymer wherein the reactive functional group is a reactive silicon group, 
the crosslinking can be conducted by the reaction between the reactive silicon group and water. In order to increase 
the reactivity, there may be used, as a catalyst, organometal compounds, for example, tin compounds such as dibutyltin 
dilaurate, dibutyltin maleate, dibutyltin diacetate, tin octylate and dibutyltin acetylacetonate; titanium compounds such 



8 
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as tetrabutyl titanate and tetrapropyl titanate; aluminum compounds such as aluminum trisacetyl acetonate, aluminum 
trisethyl acetoacetate and diisopropoxyaluminum ethylacetoacetate; or amine compounds such as butylamine, oc- 
tylamine, laurylamine, dibutylamine, monoethanolamine, diethanolamine, triethanolamine, diethylenetriamine, triety- 
lehetetraamine, cyclohexylamine, benzylamine, diethylaminopropylamine, guanine and diphenylguanine. 
[0053] In the crosslinking method of the copolymer wherein the reactive functional group is an epoxy group, e.g. 
polyamines and acid anhydrides can be used. 

[0054] Examples of the polyamines include aliphatic polyamines such as diethylenetriamine, dipropylenetriamirie, 
triethylenetetramine, tetraethylenepentamine, dimethylaminopropylamine, diethylaminopropylamine, dibutylaminopro- 
pylamine, hexamethylenediamine, N-aminoethylpiperazine, bis-aminopropylpiperazine, trimethylhexamethylenedi- 
amine and dihydrazide isophthalate; and aromatic polyamines such as 4, 4'-diaminodiphenyl ether, diaminodiphenyl 
sulfone, m-phenylenediamine, 2, 4-toluylenediamine, m-toluylenediamine, o-toluylenediamine and xylylenediamine. 
The amount of the polyamine varies depending on the type of the polyamine, but is normally within the range from 0. 1 
to 1 0% by weight based on the whole composition constituting the solid polymer electrolyte and excluding the plasticizer. 
[0055] Examples of the acid anhydrides includes maleic anhydride, dodecenylsuccinic anhydride, chlorendic anhy- 
dride, phthalic anhydride, pyromellitic anhydride, h exahydrop nth alic anhydride, methylhexahydrophthalic anhydride, 
tetramethylenemaleic anhydride, tetrahydrophthalic. anhydride, methyltetrahydrophthalic anhydride and trimellitic an- 
hydride. The amount of the acid anhydrides varies depending on the type of the acid anhydride, but is normally within 
the range from 0.1 to 10% by weight based on the whole composition constituting the solid polymer electrolyte and 
excluding the plasticizer. In the crosslinking, an accelerator can be used. In the crosslinking reaction of polyamines, 
examples of the accelerator include phenol, cresol, resorcin, pyrogallol, honyl phenol and 2, 4, 6-tris(dimethylaminome- 
thyl)phenol. In the crosslinking reaction of the acid anhydride, examples of the accelerator include benzyldimethyl- 
amine, 2, 4, 6-tris(dimethylaminomethyl)phenol, 2-(dimethylaminoethyl)phenol, dimethylaniline and 2-ethyl-4-methyl- 
imidazole. The amount of the accelerator varies depending on the type of the accelerator, but is normally within the 
range from 0.1 to 10% by weight based on the crosslinking agent. 

[0056] In the crosslinking method for crosslinking-the copolymer containing a halogen atom, a crosslinking agent 
such as a polyamine, a mercaptoimidazoline, a mercaptopyrimidine, a thiourea or a polymercaptan can be used. Ex- 
amples of the polyamine include triethylenetetramine and hexamethylenediamine. Examples of the mercaptoimidazo- 
line include 2^mercaptoimidazoline and 4-methyl-2-mercaptoimidazoline. Examples of the mercaptopyrimidine include 
2-mercaptopyrimidine and 4,6-dimethyl-2-mercaptopyrimidine. Examples of the thiourea include ethylenethiourea and 
dibutylthiourea. Examples of the polymercaptan include 2-dibutylamino-4,6-dimethylcapto-s-triazine and2-phenylami- 
no-4,6-dimercaptotriazine. The amount of the crosslinking agent to be added may vary depending on the type of the 
crosslinking agent, but is normally within the range of 0.1 to 30 % by weight based on the whole composition constituting 
the solid polymer electrolyte and excluding the plasticizer. 

[0057] The electrolyte salt compound used in the present invention is preferably soluble in the polyether copolymer 
or in the crosslinked material of the polyether copolymer. In the present invention, the following electrolyte salt com- 
pounds are preferably used. 

[0058] That is, examples thereof include a compound composed of a cation selected from metal cation, ammonium 
ion, amidinium ion and guanidium ion, and an anion selected from chloride ion, bromide ion, iodide ion, perchlorate 
ion, thiocyanate ion, tetrafluoroborate ion, nitrate ion, AsF 6 \ PF 6 ", stearylsulfonate ion, octylsulfonate ion, dodecylben- 
zenesulfonate ion, naphthalenesufonate ion, dodecylnaphthalenesulfonate ion, 7, 7, 8, 8-tetracyano-p-quinodimethane 
ion, X"»S0 3 -, [(X1S0 2 )(X2S0 2 )N]-, [(X1S0 2 )(X 2 S0 2 )(X 3 S0 2 )C)- and [<X1S0 2 )(X 2 S0 2 )YC]-, wherein X', X*, X 3 and Y 
respectively represent an electron attractive group. Preferably, X 1 , X 2 and X 3 independently represent a perfluoroalkyl 
having 1 to 6 carbon atoms or a perfluoroaryl group having 6 to 20 carbon atoms and Y represents a nitro group, a 
nitroso group, a carbonyl group, a carboxyl group or a cyano group. X 1 , X 2 and X 3 may be the same or different. 
[0059] As the metal cation, a cation of a transition metal can be used. Preferably, a cation of a metal selected from 
Mn, Fe, Co, Ni, Cu, Zn and Ag metals is used. When using a cation of a metal selected from Li, Na, K, Rb, Cs, Mg, 
Ca and Ba metals, good results are also obtained. Two or more compounds described above may be used as the 
electrolyte salt compound. 

[0060] in the present invention, the amount of the electrolyte salt compound is so that a numeral value of a molar 
ratio of the number of moles of the electrolyte salt compound to the total number of moles of ether oxygen atom in the 
main and side chains of the polyether copolymer (the total number of moles of ether oxygen atom included in the 
polyether copolymer) is preferably within the range from 0 0001 to 5, more preferably from 0.001 to 0.5. When this 
value exceeds 5, the processabilrty and moldability, the mechanical strength, flexibility and ionic conductivity of the 
resultant solid electrolyte are deteriorated. 

[0061 ] The plasticizer may be selected from the group consisting of an aprotic organic solvent, a derivative or metal 
salt of linear or branched polyalkylene glycol, and a metal salt of said derivative. 

[0062] The aprotic organic solvent is preferably an aprotic ether or ester. Specific examples thereof include propylene 
carbonate, y-butyrolactone, butylene carbonate, ethylene carbonate, dimethyl carbonate, ethylmethyl carbonate, die- 
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thyl carbonate, 1 ,2-dimethoxyethane, 1 ,2-dimethqxypropane, 3-methyl-2-oxazolidone, tetrahydrofuran, 2-methyltet- 
rahydrofuran, 1 ,3-dioxolane, 4-methyl-1 ,3-dioxolane, tert-butyl ether, isobutyl ether, 1 ,2-ethoxymethoxy ethane, ethyl- 
ene glycol dimethyl ether, ethylene glycol diethyl ether, triethylene glycol dimethyl ether, triethylene glycol diethyl ether, 
tetraethylene glycol dimethyl ether, tetraethylene glycol diethyl ether, ethylene glyme, ehylene diglyme, methyl tet- 
raglyme, methyl triglyme, methyl diglyme, methyl formate, methyl acetate and methyl propionate. Two or more of the 
aprotic organic solvent may be used in combination. 

[0063] Among the aforementioned examples, propylene carbonate, Y-butyrolactone, butylene carbonate and 3-me- 
thyl-2-oxazoline are especially preferable. Triethylene glycol dimethyl ether, triethylene glycol diethyl ether, tetraethyl- 
ene glycol dimethyl ether and tetraethylene glycol diethyl ether are also especially preferable as the organic solvent. 
[0064] The derivative or the metal salt of linear or branched polyalkylene glycol (or a metal salt of said derivative) 
can be obtained from a polyalkylene glycol having a number-average molecular weight of 200 to 5,000. Examples of 
the polyalkylene glycol include polyethylene glycol and polypropylene glycol. Examples of the derivatives thereof in- 
clude an ester derivative and an ether derivative, for example those having an alkyl group having 1 to 8 carbon atoms 
or an alkenyl group containing 3 to 8 carbon atoms. 

[0065] Among the derivatives, examples of the ether derivative include a diether such as dimethyl ether, diethyl ether, 
dipropyl ether and diallyl ether. Examples of the ester derivative include a diester such as a polyalkylene glycol dimeth- 
acrylate ester (e.g. polyethylene glycol dimethacrylate ester), a polyalkylene glycol diacetate ester (e.g. polyethylene 
glycol diacetate ester), and a polyalkylene glycol diacrylate ester (e.g. polyethylene glycol diacrylate ester). 
[0066] Examples of the metal salt include sodium, lithium, dialkyl aluminum salts of polyalkylene glycol. 
[0067] Specific examples of the metal salt of the derivative include: sodium, lithium, dialkyl aluminum salts (e.g. 
dioctyi aluminum salt) of monoethers such as monpmethyl ether, monoethyl ether, monopropyl ether, monobutyl ether, 
monohexyl ether, mono-2-ethyl-hexyl ether, and monoallyl ether; and sodium, lithium, dialkyl aluminum salts of mono 
esters such as mono acetate ester, monoacrylate ester and mo nometh aery late ester. Examples of the metal salt of 
the polyalkylene glycol derivative include dioctyi aluminum salt of polyethylene glycol monomethyl ether, dioctyi alu- 
minum salt of polyethylene glycol monoethyl ether, and dioctyi aluminum salt of polyethylene glycol monoallyl ether. 
[0068] The especially preferable range of the number average molecular weight of the polyalkylene glycol used is 
from 200 to 2,000. 

[0069] The blending ratio of the plasticizer may be changed as desired. The plasticizer in an amount of 0 to 2,000 
parts by weight, preferably 1 to 2,000 parts by weight, for example 10 to 1 ,000 parts by weight, particularly 10 to 500 
parts by weight may be added to 1 00 parts by weight of the polyether copolymer. 

[0070] When flame retardancy is required in using the polyether copolymer, the Crosslin ked material thereof and the 
solid polymer electrolyte, a flame retardant can be used. That is, an effective amount of those selected from a halide 
(such as a brominated epoxy compound, tetrabromobisphenoi A and chlorinated paraffin), antimony trioxide, antimony 
pentaoxide, aluminum hydroxide, magnesium hydroxide, phosphate ester, polyphosphate salt and zinc borate as a 
flame retardant can be added. 

[0071] The method for production of the crosslinked solid polymer electrolyte of the present invention is not specif- 
ically limited, but the crosslinked solid polymer electrolyte is normally produced by a method of mechanically mixing a 
polyether copolymer with an electrolyte salt compound or mixing after dissolving them in a solvent, removing the solvent, 
and crosslinking, or a method of crosslinking a polyether copolymer and mechanically mixing the crosslinked polyether 
copolymer with an electrolyte salt compound or mixing after dissolving them in a solvent and removing the solvent. As 
a means for mechanically mixing, various kneaders, open rolls, extruders, etc. can be optionally used. In case of 
producing the crosslinked solid polymer electrolyte by using the solvent, various polar solvents such as tetrahydrofuran, 
acetone, acetonitrile, dimethyl formamide, dimethyl sulfoxide, dioxane, methyl ethyl ketone, methyl isobutyl ketone, 
toluene and ethylene glycol diethyl ether may be used alone or in combination thereof. The concentration of the solution 
is preferably from 1 to 50 % by weight, but is not limited thereto. 

[0072] When the copolymer having an ethylenically unsaturated group is crosslinked by using a radical initiator, the 
crosslinking reaction is completed at the temperature range of 10 to 200°C within 1 minute to 20 hours. When using 
energy radiation such as ultraviolet radiation, a sensitizer is normally used. The crosslinking reaction is normally com- 
pleted at the temperature range of 10 to 150°C within 0.1 second to 1 hour. In case of the crosslinking agent having 
silicon hydride, the crosslinking reaction can be completed at the temperature of 10 to 180°C within 10 minutes to 10 
hours. 

[0073] In case that the reactive functional group is a reactive silicon group, the amount of water used in the crosslink- 
ing reaction is not specifically limited because the crosslinking reaction easily occurs even in the presence of moisture 
in the atmosphere. The crosslinking can also be conducted by passing through a cold water or hot water bath for a 
short time, or exposing to a steam atmosphere. 

[0074] When using a polyamine or an acid anhydride in the crosslinking reaction of the copolymer having an epoxy 
group, the crosslinking reaction is completed at the temperature of 10 to 200°C within 10 minutes to 20 hours. 
[0075] The copolymer and crosslinked material of said copolymer shown in the present invention become a precursor 
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useful as a crosslinked solid polymer electrolyte. The solid polymer electrolyte shown In the present invention is superior 
in mechanical strength and flexibility, and a large area thin-film shaped solid electrolyte can be easily obtained by 
utilizing the properties. For example, it is possible to make a battery comprising the solid polymer electrolyte of the 
present- invention. In this case, examples of the positive electrode material include lithium-manganese double oxide, 
lithium-vanadium double oxide, lithium cobaltate, lithium nickelate, cobalt-substituted lithium nickelate, vanadium pen- 
taoxide, polyacene, polypyrene, polyaniline, polyphenylene, polyphenylene sulfide, polyphenylene oxide, polypyrrole, 
polyfuran, and polyazulene. Examples of the negative electrode material include an interlaminar compound prepared 
by occlusion of lithium between graphite or carbon layers, a lithium metal and a lithium-lead alloy. By utilizing the high 
ionic conductivity, the crosslinked solid polymer electrolyte can also be used as a diaphragm of an ion electrode of the 
cation such as alkaline metal ion, Cu ion, Ca ion and Mg ion. 

[0076] The solid polymer electrolyte of the present invention is especially suitable as a material for electrochemical 
device (e.g. a battery, a capacitor and a sensor). 

[0077] The following Examples further illustrate the present invention in detail. 
Preparation Example (production of catalyst) 

[0078] Tributyltin chloride (10 g) and tributyl phosphate (35 g) were charged in a three-necked flask equipped with 
a stirrer, a thermometer and a distillation device, and the mixture was heated at 250°C for 20 minutes with stirring 
under nitrogen stream and the distillate was distilled off to obtain a solid condensate as a residue product. In the 
following polymerization, this condensate was used as a polymerization catalyst. 

[0079] The monomeric composition of the polyether copolymer was obtained by using the element analysis, the 
iodine value and the 1 H NM R spectrum. A gel permeation chromatography measurement was carried out for measuring 
the molecular weight of the polyether copolymer. The molecular weight of the polyether copolymer was calculated in 
terms of the standard polystyrene. The gel permeation chromatography measurement was carried out at 60°C in DMF 
as the solvent, using the measuring device (RID-6A) manufactured by Shimadzu Corporation and the columns (Show- 
dex KD-807, KD-806, KD-806M and KD-803) manufactured by Showa Denko K.K. 

[0080] The glass transition temperature and the heat of fusion were measured, using the differential scanning calo- 
rimeter DSC 8230B manufactured by Rigaku Denki K.K., in nitrogen atmosphere and in the temperature range of -100 
to 80°C at a temperature rise rate of 10°C/min. The measurement of conductivity c was carried out by first pinching 
with platinum electrodes a film which had been vacuum-dried for 72 hours at 30°C under a pressure of at most 133.3 
Pa (1 mmHg) and then applying a voltage of 0.5 V and a frequency range of 5 Hz to 13 MHz according to the alternating 
current method. The conductivity o was calculated according to a complex impedance method. The flexibility of the 
solid electrolyte film was evaluated by the presence or absence of breakage when the film having a thickness of 1 mm 
was bent by 1 B0 degrees at 25°C. 

Example 1 

[0081] After the atmosphere in a four-necked glass flask (internal volume: 1 L) was replaced by nitrogen, the con- 
densate (300 mg) obtained in the Preparation Example of the catalyst as the catalyst, allyl glycidyl ether (11 g) having 
a water content adjusted to not more than 10 ppm, propylene oxide (51 g) and n-hexane (500 g) as the solvent were 
charged in the flask, and ethylene oxide (100 g) was gradually added with monitoring the polymerization degree of 
propylene oxide by gas chromatography. The polymerization reaction was terminated by using methanol. The polymer 
was isolated by decantation, dried at 40° C under a normal pressure for 24 hours, and then dried at 45°C under reduced 
pressure for 10 hours to give 154 g of a polymer. 

[0082] The glass transition temperature of this copolymer was -69°C, the weight-average molecular weight was 
1 ,100,000 and the heat of fusion was 5 J/g. The component of propylene oxide was determined by the measurement 
of NMR spectrum, whereas the component of allyl glycidyl ether was determined by the measurement of the iodine 
value. The results of the composition analysis (in terms of monomers) are as shown in Table 1 , 
[0083] The resultant copolymer (1 g) and dicumyl peroxide (0.015 g) as a crosslinking agent were dissolved in ac- 
etonitrite (5 ml), and the resultant solution was mixed with lithium perchlorate (electrolyte salt compound) so that a 
molar ratio of (the number of moles of the electrolyte salt compound to the total number of moles of ether oxygen atoms 
of copolymer) was 0.05. This mixture solution was cast on a mold made of polytetraf luoroethyiene, followed by sufficient 
drying and further heating under a nitrogen atmosphere at 1 50°C for 3 hours to give a film. The measurement results 
of the conductivity and flexibility of the film are shown in Table 1 . 

Example 2 

[0084] Using the monomers shown in Table 1 , the copolymerization was conducted by using the same catalyst and 
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operation as those of Example 1 . The resultant polyether copolymer (1 g), methylene glycol dimethacrylate (0.05 g) 
and benzoyl oxide (0.015 g) as a crosslinking agent were dissolved in acetonltrile (20 ml), and the resultant solution 
was mixed with lithium bistrifluoromethanesulfonylimide (electrolyte salt compound) so that a molar ratio of (the number 
of moles of the electrolyte salt compound to the total number of moles of ether oxygen atoms of copolymer) was 0.05. 
5 This mixture solution was heated under a nitrogen atmosphere at 100°C for 3 hours to give a film. The measurement 
results of the conductivity and flexibility of the film are shown in Table 1 . 

Example 3 

10 [0085] Using the monomers shown in Table 1 , the copotymerization was conducted by using the same catalyst and 
operation as those of Example 1. The resultant polyether copolymer (1 g), triethylene glycol diacrylate (0.05 g) and 
2,2-dimethoxy-1 ,2-diphenylethan-1 -one (0.02 g) as a sensitizing agent were dissolved in acetonitrile (5 ml), and the 
resultant solution was mixed with lithium perchlorate (electrolyte salt compound) so that a molar ratio of (the number 
of moles of the electrolyte salt compound to the total number of moles of ether oxygen atoms of copolymer) was 0.05. 

*5 This mixture solution was cast on a mold made of polytetrafluoroethylene, dried and then exposed to ultraviolet radiation 
(30 mW/cm 2 , 360 nm) under an argon atmosphere at 50°C for 1 0 minutes to give a film. The measurement results of 
the conductivity and flexibility of the film are shown in Table 1 . 

Example 4 

20 

[0086] Using the monomers shown in Table 1 , the copolymerization was conducted by using the same catalyst and 
operation as those of Example 1 . The resultant polyether copolymer (1 g) and dibutyltin dilaurate (5 mg) as a catalyst 
were dissolved in tetrahydrofuran (20 ml) and water (10 \x\) was added, followed by stirring for 15 minutes. After the 
solvent was removed under normal pressure, the mixture solution was dried at 60°C for 10 hours to give a crosslinked 
25 material. The resultant crosslinked material was impregnated with a tetrahydrofuran solution (5 ml) containing lithium 
perchlorate (100 mg) for 20 hours, heated at 170°C under 80 kgw/cm 2 for 1.0 minutes and pressurized to give a film. 
The measurement results of the conductivity and flexibility of the film are shown in Table 1 . 

Example 5 

30 

[0087] Using the monomers shown in Table 1 , the copolymerization was conducted by using the same catalyst and 
operation as those of Example 1 . The resultant polyether copolymer (1 g) and maleic anhydride (1 50 mg) were dissolved 
in acetonitrile (10 ml), and the resultant solution was mixed with a solution of lithium perchlorate (electrolyte salt com- 
pound) in tetrahydrofuran so that a molar ratio of (the number of moles of the soluble electrolyte salt compound to the 
35 total number of moles of ether oxygen atoms of copolymer) was 0.05. This mixture solution was cast on a mold made 
of polytetrafluoroethylene, dried and then heated at 150°C under 20 kgw/cm 2 for one hour and pressurized to give a 
film. The measurement results of the conductivity and flexibility of the film are shown in Table 1 . 

Example 6 

40 

[0088] Using the monomers shown in Table 1 , the copolymerization was carried out by using the same catalyst and 
operation as those of Example 1 . The resultant polyether copolymer (1 g) and diethylenetriamine (50 mg) were dissolved 
in tetrahydrofuran (20 ml), and the reaction was conducted at 40°C for 2 hours. After the solvent was removed under 
reduced pressure, the mixture solution was dried at 60°C for 6 hours to give a crosslinked material. The resultant 
45 crosslinked material was impregnated with a tetrahydrofuran solution (5 ml) containing lithium perchlorate (100 mg) 
for 20 hours, heated at 160°C under 100 kgw/cm 2 for 10 minutes and pressurized to give a film. The measurement 
results of the conductivity and flexibility of the film are shown in Table 1 . 



50 



55 



12 



EP 0 994 143 B1 



cs o 

oo — 



oo — 



o 
o 

°- NO 
NO O \o 

s • 

of 



O ON 
C2\ ■ 
ON 



o 



o 
o 



oo »— 



oo ^- 



O On 

rvi 



oo 

oo ^ ~ 



o 



o- oi 



O 

E 



« 

o 

w 

<D 

E o 
o 

■ — C 

3 " 



J3 E 



3 E 

— ' 

* I 



o 
-r: 

o 

E 

i! & >, 

O *3 o CL 

s Jg 2 

X ~ OU 

«> o fc g 

>v J? ."2 o 
0 ^ ^ eo 

ou 32 O A 



O 
^ O 

V .S 

_ * 3 
oj ft 

o ~ 



o x 
a- c S 0 

O "55 c « 



CD -o 



if 

e a 

CL O 

c « " 
.52 E £ 

>. 4J 

I y -§ 

fc o 
O 



o 
o 



o 
o 

§ "9 

of 



o 
o 

O vo 
vr> 1 
O 

of 



o 
o 

« ox 

O vo *^ 
O 1 



o 

o 

E 

O 
Ou 
O 

O 



CO 



4) 



e >. - -s 



0. o. 

ro E •£ S 

<s o rt 



< 0 



04 ^ 

s 

2 a « 
a o g) 

x P- « 

0 * i5 

."2 § < 

u o. J* 

>v o -c 

cb cA .SP 
ro of ^ 



2 to 

§ E 

2 

4> o 

E o 

4> U 

c o 

o c 

*^ o 

"So 'Jo 

E 3 



-2 u 



CO 

£ x 



CO ^ 
O 

CO 

e x 
© 00 

o vd 



^ o 

e x 

CQ o\ 

o o-' 
2 



CO , 

■a 

S X 

m — 

O Cs 



CD 

CO ^ 
^ O 

S x 

2: 



o 

o 

o 



E 

o 



^ s 

p o 

" W 

. I 5 
o 

o ^ 

vVQ O 

O ^ 

^ o 



13 



EP 0 994 143 B1 

Comparative Examples 1-5 

[0089] The potyether copolymer shown in Table 2 which was prepared In a manner similar to Example 1 was used. 
[0090] In Comparative Example 1 , the same procedure as that of Example 1 up to the film forming was performed 
5 in a manner similar to Example 1 except that only ethylene oxide was polymerized. In Comparative Examples 2 and 
5, the film forming was carried out in a manner similar to Example 1 . In Comparative Examples 3 and 4, film forming 
was carried out in a manner similar to Example 2. The results are summarized in Table 2. 
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[0091] It is apparent from a comparison of Examples with Comparative^Examples that the ionic conductivity and 
mechanical properties of the crosslinked solid polymer electrolyte formed from the polyether copolymer of the present 
invention are excellent. 

Example 7 

(1) Production of cathode (positive electrode) 

[0092] LICo0 2 powder (1 0 g), graphite (KS-15) (7.5 g), the copolymer obtained in Example 3 (7.5 g), dicumyl peroxide 
(0.025 g), LiBF 4 (0.65 g) and acetonitrile (50 ml) were mixed under stirring by using a disperser to prepare a paste. 
This paste was coated on an aluminum foil and then dried to adhere a cathode material on the aluminum foil. Then, 
the cathode material was crosslinked by heating at 1 50°C for 3 hours in a drier having atmosphere replaced by nitrogen. 

(2) Assembling of battery 

[0093] A battery was assembled by adhering an Li foil (diameter: 1 6 mm, thickness: 80 u.m) to one main surface of 
a solid polymer electrolyte film made in Example 2 or 3 and then further the above cathode to the other main surface 
of the solid polymer electrolyte film. This operation was conducted in a glove box under a dry argon atmosphere. 

(3) Charge/Discharge test 

[0094] The resultant battery was charged up to 4.2 V at a temperature of 50°C and a current density of 0.1 mA/cm 2 , 
and discharged up to 3.0 V. A discharge capacity of 131 mAh per 1 g of LiCo0 2 as an active substance was obtained. 
The solid polymer electrolyte films of copolymers of Examples 2 and 3 gave the same results. 

Example 8 

1) The cathode was prepared in the same manner as Example 7. 

2) Assembly of the battery 

[0095] 1 .6 g of the polyether copolymer obtained in Example 2, 0.4g of a branched polyether (a plasticizer) repre- 
sented by formula (i): 

(H 3 COH 2 CH 2 CO) 2 HC-CH 2 -0-CH(CH 2 OCH 2 CH 2 OCH 3 ) 2 (i) 

and 0.02 g of benzoyl peroxide as a crosslinking agent were dissolved in 5 ml of acetonitrile, and then lithium perchlorate 
was added thereto so that the molar ratio of (the number of moles of soluble electrolyte salt compound)/(the total 
number of moles of ether oxygen atom in the copolymer) was 0.06. This mixture liquid was cast on a mold made from 
polytetrafluoro ethylene, dried, and then heated in nitrogen atmosphere for 3 hours at 100°C, to obtain a film. The 
cathode described above, the solid polymer electrolyte film and a Li foil (diameter: 16 mm, thickness: 80 jim) were 
adhered to assemble a battery. All the operations were carried out in a glove box having a dried argon atmosphere. 

3) Charging/Discharging Test 

[0096] The resultant battery was charged up to 4.2 V at a temperature of 23° C and a current density of 0. 1 mA/cm 2 , 
and discharged up to 3.0 V. A discharge capacity of 130 mAh per 1 g of LiCo0 2 as an active substance was observed. 
[0097] The crosslinked solid polymer electrolyte of the present invention is superior in processability, moldability, 
mechanical strength, flexibility, heat resistance, etc., and the ionic conductivity is remarkably improved. Accordingly, 
the crosslinked solid polymer electrolyte of the present invention has an application to electronic apparatuses such as 
large-capacity capacitor and display device (e.g. electrochromic display) in addition to solid batteries, and an application 
to antistatic agent for plastic materials. 
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Claims 

1. A solid polymer electrolyte comprising: (I) a crosslinked material of a polyether copolymer; (II) an electrolyte salt 
compound; and (III) a plasticizer which may be added if necessary and is selected from an aprotic organic solvent, 
a derivative or a metal salt of a linear or branched polyalkylene glycol, and a metal salt of said derivative, wherein 
the polyether copolymer has a weight-average molecular weight of 1 0 5 to 1 0 7 and comprises: 

(A) 3 to 30 % by mol of repeating unit derived from propylene oxide; 

(B) 96 to 69 % by mol of repeating unit derived from ethylene oxide; and 

(C) 0.01 to 15 % by mol of repeating unit derived from a monomer represented by formula (111-1) and/or formula 
(III-2): 



CH 2 -CH-R 1 

V 



(in-i) 



ch 2 -ch-r 2 

/ \ 

\ / 
CH-CH 



(m-2) 



wherein R 1 and R 2 are. groups each having a reactive functional group 

and the crosslinked material being produced by utilizing reading of crosslinkable components of the polyether 
copolymer. 

2. The said polymer electrolyte according to claim 1 , wherein the reactive functional group in the repeating unit (C) 
is (a) an ethylenically unsaturated group, (b) a reactive silicon group, (c) an epoxy group or (d) a halogen atom 

3. The said polymer electrolyte according to claim 2, wherein the monomer having the ethylenically unsaturated group 
which constitutes the repeating unit (C) is selected from the group consisting of allyl glycidyl ether, 4-vinylcyclohexyl 
glycidyl ether, a-terpenyl glycidyl ether, cyclohexenyl methyl glycidyl ether, p-vinylbenzyl glycidyl ether, allyl phenyl 
glycidyl ether, vinyl glycidyl ether, 3,4-epoxy-1-butene, 3,4-epoxy-1 -pentene, 4,5-epoxy-2-pentene, 1,2-epoxy- 
5,9-cyclododecadiene, 3,4-epoxy-1 -vinyl cyclohexene, 1 ,2-epoxy-5-cyclooctene, glycidyl acrylate, glycidyl meth- 
acrylate, glycidyl sorbate, glycidyl cinnamate, glycidyl crotonate and glycidyl-4-hexenoate. 

4. The solid polymer electrolyte according to claim 2, wherein the monomer having the reactive silicon group which 
constitutes the repeating unit (C) is selected from the group consisting of 3-glycidoxy propyl trimethoxy silane, 
3-glycidoxy propyl methyl dimethoxy silane, 4-(1 ,2-epoxy) butyl trimethoxy silane and 2-(3,4-epoxy cyclohexyl) 
ethyl trimethoxy silane. 

5. The said polymer electrolyte according to claim 2, wherein the monomer having two epoxy groups which constitutes 
the repeating unit (C) is 2,3-epoxypropyl-2',3 , -epoxy-2 , -methylpropyl ether or ethyleneglycol-2,3-epoxypropyl-2\ 
3 , -epoxy-2 , -methylpropyl ether. 

6. The said polymer electrolyte according to claim 2, wherein the monomer having the halogen atom which constitutes 
the repeating unit (C) is selected from the group consisting of epichlorohydrin, epibromohydrin and epiiodohydrin. 
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7. The solid polymer electrolyte according to claim 1 , wherein the electrolyte salt compound (II) is a compound com- 
posed of a cation selected from metal cation, ammonium ion, amidinium ion and guanidium ion, and an anion 
selected from chloride ion, bromide ion, iodide ion, perchlorate ion, thiocyanate ion, tetrafluoroborate ion, nitrate 
ion, AsF 6 ", PF 6 % stearylsulfonate ion, octy Sulfonate ion, dodecylbenzenesulfonate ion, naphthalenesufonate ion, 
dodecylnaphthalenesutfonate ion, 7,7,8,8-tetracyano-p-quinodimethane ion, X 1 S0 3 ', [(X 1 S0 2 )(X 2 S0 2 )N]- t 
t(XiS0 2 )(X2S0 2 )(X3S0 2 )C]- and [(X1S0 2 )(X 2 S0 2 )YC]- (wherein X 1 , X 2 X 3 and Y respectively represent an elec- 
tron attractive group). 

8. The solid polymer electrolyte according to claim 7, wherein X 1 , X 2 and X 3 independently represent a pert luoroalkyl 
group having 1 to 6 carbon atoms or a perfluoroaryl group having 6 to 20 carbon atoms, and Y represents a nitro 
group, a nitroso group, a carbonyl group, a carboxyl group or a cyano group. 

9. The solid polymer electrolyte according to claim 7, wherein the metal cation is a cation of a metal selected from 
Li, Na, K, Rb, Cs, Mg, Ca, Ba, Mn, Fe, Co, Ni, Cu, Zn and Ag. 

10. The solid polymer electrolyte according to claim 1 , wherein the aprotic organic solvent is an aprotic organic solvent 
selected from ethers or esters. 

11. The solid polymer electrolyte according to claim 1 , wherein the poiyalkylene glycol is polyethylene glycol or poly- 
propylene glycol. 

12. The solid polymer electrolyte according to claim 1, wherein the derivative of the poiyalkylene glycol is an ether 
derivative or an ester derivative. 

13. The solid polymer electrolyte according to claim 1 , wherein the metal salt of the poiyalkylene glycol is selected 
from a sodium salt of the poiyalkylene glycol, a lithium salt of the poiyalkylene glycol, and a dialkyl aluminum salt 
of the poiyalkylene glycol. 

14. A battery comprising: 

a solid polymer electrolyte according to claims 1 to 13; 
a positive electrode; and 
a negative electrode. 



PatentansprOche 

1. Fester Polymerelektrolyt umfassend: (I) ein vemetztes Material eines Polyether-Copofymers; (II) eine Elektro- 
lytsalzverbindung; und (III) einen Weichmacher, der bei Bedarf zugegeben werden kann und ausgewahlt ist aus 
einem aprotischen organischen Losungsmittel, einem Derivatoder einem Metallsalz eines linearen oder verzweig- 
ten Polyalkylenglykols, und einem Metallsalz des Derivats, wobei das Polyether-Copolymer ein Gewichtsmittel 
des Molekulargewichts von 1 0 5 bis 1 0 7 aufweist und: 

(A) 3 bis 30 Mol-% einer von Propylenoxid abgeleiteten wiederkehrenden Einheit; 

(B) 96 bis 69 Mol-% einer von Ethylenoxid abgeleiteten wiederkehrenden Einheit; und 

(C) 0,01 bis 15 Mol-% einer von einem Monomer der Formel (111-1) und/oder der Formel (W-2) abgeleiteten 
wiederkehrenden Einheit: 



(m-i) 



CH 2 -CH 



-R' 
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CH 2 , 
CH-CH 



(m-2) 



umfaBt, 

wobei R 1 und R 2 Reste sind, die jeweils eine reaklive funktionelle Gruppe aufweisen, und das vemetzte Material 
unter Ausnutzung der Reaktivitat der vernetzbaren Bestandteile des Polyether-Copolymers hergestellt wird. 

Fester Potymerelektrolyt nach Anspruch 1 , wobei die reaktive funktionelle Gruppe in der wiederkehrenden Einheit 
(C) (a) eine ethylenisch ungesattigte Gruppe, (b) eine reaktive Siliciumgruppe, (c) eine Epoxygruppe Oder (d) ein 
Halogenatom ist. 

Fester Polymerelektrolyt nach Anspruch 2, wobei das Monomer mit der ethylenisch ungesattigten Gruppe, das 
die wiederkehrende Einhejt (C) darstellt, ausgewahlt ist aus Allylglycidylether, 4-Vinylcyclohexylglycidylether, a-Ter- 
penylglycidylether, Cyclohexenylmethylglycidyfether, p-Vinylbenzylglycidylether, Allylphenylglycidylether, Vinyl- 
glycidylether, 3,4-Epoxy-1-buten, 3,4-Epoxy-1-penten, 4,5-Epoxy-2-penten, i ,2-Epoxy-5,9-cyclododecadien, 
3,4-Epoxy-1-vinylcyclohexen, 1 ,2-Epoxy-5-cycloocten, Gfycidylacrylat, Glycidylmethacrylat, Glycidylsorbat, Gly- 
cidylcinnamat, Glycidylcrotonat und Glycidyl-4-hexenoat. 

Fester Polymerelektrolyt nach Anspruch 2, wobei das Monomer mit der reaktiven Siliciumgruppe, das die wieder- 
kehrende Einheit (C) darstellt, ausgewahlt ist aus 3-Glycidoxypropyltrimethoxysilan, 3-Glycidoxypropylmethyldi- 
methoxysilan, 4-(1 ,2-Epoxy)butyltrimethoxysilan und 2-(3,4-Epoxycyclohexyl)ethyltrimethoxysilan. 

Fester Polymerelektrolyt nach Anspruch 2, wobei das Monomer mit zwei Epoxygruppen, das die wiederkehrende 
Einheit (C) darstellt, 2,3-Epoxypropyl-2\3 , epoxy-2'-methylpropylether oder Ethylenglykol^.S-epoxypropyl^'.S 1 - 
epoxy-2'methylpropylether ist. 

Fester Polymerelektrolyt nach Anspruch 2, wobei das Monomer mit dem Halogenatom, das die wiederkehrende 
Einheit (C) darstellt, ausgewahlt ist aus Epichlorhydrin, Epibromhydrin und Epiiodhydrin. 

Fester Polymerelektrolyt nach Anspruch 1, wobei die Elektrolytsalzverbindung (II) eine Verbindung ist, die aus 
einem Kation, ausgewahlt aus Metallkation, Ammoniumlon, Amidinium-ion und Guanidinium-lon, und einem An- 
ion, ausgewahlt aus Chlorid-lon, Bromid-lon, lodid-lon, Perchlorat-lon, Thiocyanat-lon, TetrafluorboraMon, Nitrat- 
ion, AsF 6 ~, PF 6 ", Stearylsulfonat-lon, Octylsulfonat-lon, Dodecylbenzolsulfonat-lon, NaphthalinsulfonaMon, Do- 
decylnaphthalinsulfonat-lon, 7,7,8,8-Tetracyano-pchinodimethan-lon, X 1 S0 3 % [(X 1 S0 2 )(X 2 S0 2 )N]-, [(X'SO^) 
(X2S0 2 )(X3S0 2 )C]- und [<X1S0 2 )(X 2 S0 2 )YC]- (wobei X^ , X 2 , X 3 und Y jeweils einen Elektronen anziehenden Rest 
darstellen) zusammengesetzt ist. 

Fester Polymerelektrolyt nach Anspruch 7, wObei X 1 , X 2 und X 3 unabhangig einen Perfluoralkylrest mit 1 bis 6 
Kohlenstoffatomen oder einen Perfluorarylrest mit 6 bis 20 Kohlenstoffatomen darstellen und Y eine Nitrogruppe, 
eine Nitrosogruppe, eine Carbonylgruppe, eine Carboxylgruppe oder eine Cyanogruppe darstellt. 

Fester Polymerelektrolyt nach Anspruch 7, wobei das Metallkation ein Kation eines Metalls, ausgewahlt aus Li, 
Na, K, Rb, Cs, Mg, Ca, Ba, Mn, Fe, Co, Ni, Cu, Zn und Ag, ist. 

Fester Polymerelektrolyt nach Anspruch 1 , wobei das aprotische organische Losungsmittel ein aprotisches orga- 
nisches Losungsmittel, ausgewahlt aus Ethern oder Estern, ist. 

Fester Polymerelektrolyt nach Anspruch 1 , wobei das Polyalkylenglykol Polyethylenglykol oder Polypropylenglykol 

ist. 

Fester Polymerelektrolyt nach Anspruch 1 , wobei das Derivat des Polyalkylenglykols ein Etherderivat oder ein 
Esterderivat ist. 
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13. Fester Polymerelektrolyt nach Anspruch 1 , wobei das Metallsalz des Pofyalkylenglykols ausgewahlt ist aus einem 
Natriumsalz des Polyalkylengfykols, einem Llthiumsalz des Polyalkylengfykols und einem Dialkylaluminiumsalz 
des Polyalkylengtykols. 

14. Batterie umfassend: 

einen festen Polymerelektrolyten nach den Anspruchen 1 bis 13; 
eine positive Elektrode; und 
eine negative Elektrode. 



Revendicatfons 

1. Electrolyte polymere soiide comprenant : (I) un material! reticule d'un copolymere de polyether ; (II) un compose 
salin electrolyte ; et (III) un plastifiant qui peut etre ajoute si necessaire et qui est choisi dans le groupe comprenant 
un solvant organtque aprotique, un derive ou un sel metallique d'un polyalkylene glycol lineaire ou ramifie, et un 
sel metallique dudit derive, dans lequel le copolymere de polyether a un poids moleculaire moyen en poids de 10 5 
a 1 0 7 et comprend : 

(A) de 3 a 30 % en mole de motif repetitif derive d'oxyde de propylene ; 

(B) de 96 a 69 % en mole de motif repetitif derive d'oxyde d'ethylene ; et 

(C) de 0,01 a 15 % en mole de motif repetitif derive d'un monomere represents par la formule (111-1) et/ou la 
formule (III-2) : 



dans lesquelles R 1 et R 2 sont des groupements ayant chacun un groupement fonctionnel reactif et le materiau 
reticule etant produit par utilisation de la reactivite des composants reticulables du copolymere de polyether. 

2. Electrolyte polymere soiide selon la revendication 1 , dans lequel le groupement fonctionnel reactif du motif repetitif 
(C) est (a) un groupement ethyleniquement insature, (b) un groupement de silicium reactif, (c) un groupement 
epoxy ou (d) un atome d'halogene. 

3. Electrolyte polymere soiide selon la revendication 2, dans lequel le monomere possedant le groupement ethyle- 
niquement insature qui constitue le motif repetitif (C) est choisi dans le groupe comprenant un ether d'allyle et de 
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glycidyle, un ether de 4-vinyl-cyclohexyle et de glycidyle, un ether de a-terpenyle et de glycidyle, un ether de 
cyclohexenyl-methyle et de glycidyle, un ether de p-vinyl-benzyle et de glycidyle, un ether d'allyl-phenyle et de 
glycidyle, un ether de vlnyle et de glycidyle, un 3,4-epoxy-1 -butene, un 3,4-epoxy-1 -pentene, un 4,5-epoxy-2-pen- 
tene, un 1 ,2-epoxy-5,9-cyclododecadiene, un 3,4-epoxy-l -vinyl cyclohexene, un 1 ,2-epoxy-5-cyclooctene, un 
acrylate de glycidyle, un methacrylate de glycidyle, un sorbate de glycidyle, un cinnamate de glycidyle, un crotonate 
de glycidyle et un giycidyl-4-hexenoate. 

4. Electrolyte polymere solide selon ia revendication 2, dans lequel le monomere ayant le groupement silicium reactif 
qui constitue le motif repetitif (C) est choisi dans le groupe comprenant un 3-glycidoxy propyl trimethoxy silane, 
un 3-glycidoxy propyl methyl dimethoxy silane, un 4-(1 ,2-epoxy) butyl trimethoxy silane et un 2-(3,4-epoxy cyclo- 
hexyl)ethyl trimethoxy silane. 

5. Electrolyte polymere solide selon la revendication 2, dans lequel le monomere ayant deux groupes epoxy qui 
constitue le motif repetitif (C) est un 2,3-epoxypropyl-2',3 , -epoxy-2'-methylpropyl ether ou un ethyleneglycol- 
2,3-epoxypropyl-2 , ,3'-epoxy-2 , -methylpropyl ether. 

6. Electrolyte polymere solide selon la revendication 2, dans lequel le monomere ayant I'atome d'halogene qui cons- 
titue le motif repetitif (C) est choisi dans le groupe comprenant I'epichlorohydrine, I'epibromohydrine et I'epiiodo- 
hydrine. 

7. Electrolyte polymere solide selon la revendication 1 , dans lequel le compose salin electrolyte (II) est un compose 
forme d'un cation choisi parmi le groupe comprenant un cation metallique, un ion ammonium, un ion amidinium 
et un ion guanidium/et un anion choisi parmi Hon chlorure, I'ion bromure, I'ion iodure, I'ion perchlorate, I'ion thio- 
cyanate, I'ion tetrafluoroborate, I'ion nitrate, l'AsF 6 -, le PF 6 *, I'ion sulfonate de stearyle, lion sulfonate d'octyle, I'ion 
dodecylbenzene sulfonate, I'ion naphtalene sulfonate, I'ion dodecylnaphtalene sulfonate, I'ion 7,7,8,8-tetracyano- 
p-quinodimethane, VX^S0 3 % le [(X 1 S0 2 )(X 2 S0 2 )Nr, le t(X 1 S0 2 ) (X 2 S0 2 )(X 3 S0 2 )C]- et le [(X 1 S0 2 ) (X^SO^YCr 
(dans lesquels X 1 , X 2 , X 3 et Y represented respectivement un groupe electro-attracteur). 

8. Electrolyte polymere solide selon la revendication 7, dans lequel X 1 ; X 2 et X 3 represented independamment un 
groupement perfluoroalkyle ayant de 1 a 6 atomes de carbone ou un groupement perfluoroaryle ayant de 6 a 20 
atomes de carbone, et Y represente un groupement nitro, un groupement nltroso, un groupement carbonyle, un 
groupement carboxyie ou un groupement cyano. 

9. Electrolyte polymere solide selon la revendication 7, dans lequel le cation metallique est un cation d'un metal choisi 
parmi le Li, le Na s le K, le Rb, le Cs, le Mg, le Ca, le Ba, le Mn, le Fe, le Co, le Ni, le Cu, le Zn et I'Ag. 

10. Electrolyte polymere solide selon la revendication 1, dans lequel le solvant organique aprotique est un solvant 
organique aprotique choisi parmi des ethers ou des esters. 

11. Electrolyte polymere solide selon la revendication 1 , dans lequel le polyalkylene glycol est un polyethylene glycol 
ou un polypropylene glycol. 

12. Electrolyte polymere solide selon la revendication 1, dans lequel le derive du polyalkylene glycol est un derive 
d' ether ou un derive d'ester. 

13. Electrolyte polymere solide selon ia revendication 1 , dans lequel le sel metallique du polyalkylene glycol est choisi 
parmi un sel de sodium du polyalkylene glycol, un sel de lithium du polyalkylene glycol, et un sel d'aluminium 
dialkyle du polyalkylene glycol. 

14. Une batterie comprenant : 

un electrolyte polymere solide selon les revendications 1 a 13 ; 
une electrode positive ; et 
une electrode negative. 
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